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TAbht 2. IL~15 tnwsises and IU2 decreases the total numbers of memoiy phcnotype CDS* T cel^ *n 
animaU by affecting dividing celU Trarwfer and analyses were done os deso-ibed in Fig- 4B^Ccl numters 
are™ 7 CD44**^. CD8* T celts in the spleens and ingufnal, axillary, brachial, superficial cervical 
mesenteric, lumbar and caudal lymph nodes of recipients. 





Numbeis of donor memory phenotype CDS* 
T cells per recipient X 10"* (% control) 
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Control 
AntJ-1L-2R3 

AntML-7 + AntML-7Rat 
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11.3(70) 
10,7(116) 
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may, in ifect, lixtdt the total number of CDS'*" 
memory CD8^ T cells that the animal can 
sustaLo (21). Conversely, production of JL-2 
during an unmmie response may check oth- 
erwise uncontrolled responses by bystander 
CDS'** memory T cells induced by increased 
levels of rL-I5. 

In immune responses, the stimulatory ef- 
fects of one process are frequently counter- 
balanced by the inhibitory effects of another, 
Such contrary effects allow the immune sys- 
tem to respond vigorotisly but not uncontrol- 
lably 10 infections. The opposing effects of 
IL-15 and EL-2 reported here represent anoth- 
er example of the checks and balances inher- 
ent in the mechanisms of iinmunity. 
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Location of a Major Susceptibility 
Locus for FamiLial Sctiizophrenia 
on Ctiromosome 1q21-q22 

Linda M, Braistowlcz,"''^* Kathleen A* Hodgklnson,^ 
Eva W. C Chow,^'-^ William G. Hon^r,^ Anne S. Bassett^ ^ 

Schizophrenia is a cortiplex disorder, and there is substantial evidence sup* 
porting a genetic etiology. Despite this, prior attempts to localize susceptibility 
loci have produced predominantly suggestive findings. A genome-wide scan for 
schizophrenia susceptibility loci in 22 extended families with high rates of 
schizophrenia provided highly significant evidence of linkage to chromosome 
1 (1q21-q22), With a maximum heterogeneity logarithm of the likelihood of 
linkage (lod) score of 6.50. This linkage result should provide sufficient power 
to allow the positional cloning of tfie underlying susceptibility gene. 



., Schizophrenia is a serious neuropsychiatric 
. illness af%ctiiig —1% of the general poptda-. 
1 tidn. Family, tydiij and adoption studies have 
; dernonsftrated that schizophrenia is predomi- 
.;..iiaiitiy:'g a high heritability (/). 

Segregation analyses have failed to clearly 
.V.' siqjport a single mode), of inheritance, with 
the . suggestion of several, possibly interact- 
_ _ 7 mg;-susccp loci The existence of a 

noSobiiUn^y SDS^tyac^ olectrophore^_ ; hsis 

^- ' £Ts (SD5-PACE),' ' ■ * ;1 ' ■' ' ipti iFn Smf;fT fAmiy ' over the inbst appixipriate 

S ^ i"*^^*^"!'^^^' ^ Sakamoto j; Kappler, P; " - i^^i,^- genetic, studies. The 

: ' MBrrao;. catH not shown- • ■ . .'j- . . 

13. ipeschonetalj, B<p. Mtd. 180. 1955 (19^4); T. A. complex geneticg. uncleaT role of environ- . 



mental interactions, and phenorypic unccr 
tainty have led to the view that significant 
genetic lixjkage will not be easily obtained 
Of the complete genome scans fov 
, "sohi^ophienia susceptibility loci published to 
date (4^24), only one (8) has reported a 
significant linkage result, to chromosome 
I3q32, which was recently confirmed in our 
indeipendcnt sample of families (75). Suggcs- 
"tiyel'Xs^tiipng^ results have 

been obtained' to inany othci; chromosomal 
regions, but the multitude of these finding^i 
and the broad xisgions involved limit their 
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usefulness as starting points for posifioml 

We conducted a genome-wide search for 
loci couttibutiag to risk for sctoophrema m a 
group of 22 femiHcs, selected for study 
Suse multipfe relatives were chmcaj^ag- 
noscd witii schizopbreniA or schizo^tive 
disorder. Canadian ianuHes of Celtic >- . 
21)orGennan (n = i) descent were recrmted^ 
for study if schizophrenic illness appeared to 
be segregatrng^in a unilineal (one side of the 
family only)* '.autosomal dominant manner 
{16, in An average of 13,8 individuals per 
fanily participated in ^e study, and five 
families had 20 to 29 members participating.' 
An average of 3.6 individuals with schizo- 
phrenia or schiioaffective disorder participat- 
ed per family, with 15 individuals with these 
aagnoses participating in the largest family. 
On average, two additional participating fam- 
ily members were diagnosed as affected un- 
der a broader definition of schizophrenia- 
related disorders {18). Family members diag- 
nosed as affected spanned three generations 
in 27% of faimlies. Individuals reported by 
history to be aifected spanned three or four 
generations in 45% of famihcs. Overall, 304 
subjects were evaluated (,18), and 288 sub- 
jects had DNA samples available. DNA sam- 
ples were genotypcd with 381 simple tandem 
repeat markers with an average heterozygos- 
ity of 0.76 and an average marker density of 
9 cenrimorgans .(cM) (7P). Paiametric linkage 
analyses were V;onducted {20), as they are 
more powerful than nonpaiamettic methods 
(2U 22) md arc robust methods for detecting 
linkage despite errors or simplifications in the 
analy2dng model, as long as both a dominant 
and a recessive model are used (21-24), To 
minimize multiple tests, we selected four ge* 
netic models, dominant and recessive for 
each of a "narrow" and a "broad" diagnostic 
classification (18, 25), The narrow classifica- 
tion included the diagnoses of schizophrenia 
and chronic schizoaffective disorder, the 
broad classification included these and sev- 
eral schizophrenia-spectrum disorders (IS). 
The parameters of the dominant and recessive 
genetic models were derived fiom population 
prevalence and twin concordance rates for 
schizophrenia and related spectmm disorders 
Although these parameters are almost cer- 
tainly not accurate, particularly because they 



REPORTS 

•model single-gche miuw.*—"—* jt — ^ry v;!^.- 
^ analysis widi singb-gene mode^^is;^^- 
crful method for detecting linkagsf to1c^^«^ 
trolled by multiple interactmg genesj^^ren 
when certain parsunetcrs, such as penetmce, 
are set to arttocy values (21-24). : 

The threshold to declare sigmficance m 
linkage studies of complex disordejs; is the 
subject of debate (25-^5) Jo. as, to^^yoid 
increasing the number of M&^V^^^^;: 
suits due to multiple testing; .istat^W^^ 
rectidns are fequixed. to' account, fair .aaaly^iSj::; 
with multiple markers, imuHiple inhcnto^ce : 
models and diaguostic classifications, ^d ge^ 
netic hctcrogeneity. Unfommately, tiie .ej^ 
appropriate correction may be .di|ficult„^.^e:^- , 
temiine (^tf-^?^/ Alternatively; sinaul^^^^^ 
studies of unlinked "replicates" can empm- 
caUy determine how frequently any given 
logarithm of the likelihood of linkage (lod) 
score will occur in the absence of linkage, 
accuiately accounting for multiple markers 
and models. Simulation smdies with 2500 
unlinked replicates were conducted to det^ 
mine the lod scores cotrcsponding to P - 
0.05 (29), This pix>duced a lod score thresh- 
old for significance of 33 under the hypoth- 
esis of homogeneity and 3,5 under the hy- 
pothesis of heterogeneity. Simulation studies 
with linked replicates were also conducted to 
assess the power of this sample to detect 
Ihakagc under the four models used in this 
study (30), These demonstrated good power 
to detect linkage under all models when 75% 
or more of families were linked to a given 
disease locus (SI), 

A plot of two-point lod scores for the 
genome-wjds scan is shown in Fig, 1. The 
highest lod score observed was 5.79 [P < 
0.0002; (52)] under the narrow definition of 
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iUness and a recessive mode of mhentance 
with marker D1S1679, which maps to chior 
mosome lq22. Lod scoies >2.0 were ob- 
tained with five adjacent maricers fiom 1^ 
spanning a regiott of approximately 39 clVl. 
Significant linkage was not detected to any 
other chromosome when two-pomt analysis 
was used. All two-point lod scores > 1^5 are 
summarized in Table 1 (53). 
. Parametric multipoint analyses of complex 

; (jiicmie^ caution, 
y^c&feci^^'a^ exclude a true 

^ l^ikcd iotis' fiom the le^on between close 
flanking maikeis (54). However, muMpoint 
analyses are useful for combating (he poetical 
limitalicms caused by uninfonnative marker 
typings, which caxx ei&er inilalB or deflate the 
lod score. With large, complex: pedigrees, si- 
multaneous analysis of multiple highly poly- 
morphic marker loci can be computationally 
prohibitive, especially when large regions of the 
genome are scanned for linkage. We therefore 
conducted three-point analyses with adjacent 
madcer loci and the disease locus for all made- 
ers in the genome scan and fbur-potnt analyses 
in the region of sigmJScant linkage on Iq. Mul- 
tipoint analysis with chromosome 1 madcers 
produced a maximum lod score of 6.50 \P < 
0.0002; (32)} between the markeis D1S1653 
and D 1 S 1 679, under the recessive-narrow mod- 
el and with an estimated 75% of fomilies linked 
to this locus (Fig. 2). Only multipoint analysis 
on chroroosome 13 produced additional sigmf- 
icant results, with a maximum lod score of 
3.81 [P = 0,02; (32)1 under the reccssiye- 
broad model at D13S793 with an estimated 
65% of families linked to this region, con- 
sistent with omr previous findings in these 
same families (15), 

There have been suggestive liakage rc- 
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suits for chromosome lQ22-q23 under auto- 
somal recessive inheritance in one published 
(6), and one preliminary (35), genome scan. 
Studies showing association of schizophrenia 
with the Duffy blood group {36), a hetero- 
chromatin variant (57), a fragile site (38X and 
a potassium channel gene [KCNN[3 (39)], 
provide fiirther prior evidence for a suscepti- 
bility gene in this region. However, most 
genome scans and association studies have 
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not led to significant resxilts for the Iq21-q23 
region or have provided suggestive Imkage of 
major psychotic illness to the more distal 
regions of Iq25-q32 (40) or Iq32-q41 (14% 
perhaps due to the genetic heterogeneity of 
schizophrenia and/or low power of some 
studies. 

This unequivocally significant linkage 
finding seems somewhat micxpected for 
schizophrenia, given the multiple challenges 



— HaleroQdneity 



Fig, 2. Multipoint tod scores 
for the schizophrenia sus- 
ceptibility locus relative to 
markens in the 1q21-q23 
region. Parametric four- 
point lod scores were calcu- 
lated with the narrow defi- 
nition (78) and the markers 
D1S1653, 0151679. and ' 
D1S1677 under the reces- 
sive model of inheritance. 
The results are plotted as a 
function of distance from 
D1S16S3 under the as- 
sumption of homogeneity 
(100% of famiUes Unk«d) 
and heterogeneity (75% of 
families linked). In both 
cases, the maximum lod scores were located within the 12-cM interval between the markers 
D1S1653 and D1S1679, rising from a value of 5,39 (P < 0.0002) under homogeneity to 6.50 (/> < 
0.0002) under heterogeneity. 




-10 . 0 10 

Position (cM) 



of this complex disorder. However, these re- 
sults confirm the predictions of simulation 
smdies that parametric linkage analysis with 
simple genetic models, when conducted un- 
der both a dominant and recessive mode of 
inheritance, is a powerful method for detect- 
ing linJcage to susceptibility loci in complex 
disorders (21-24), Although nonparametric 
(NPL) methods as implemented in GENE- 
HUNTER or affected sibpair analysis are 
widely used, simulation smdies indicate they 
are not as powerfuJ {2J ~'22\ and sample 
considerations may iknlt their utility. As 
many of the affected-relative pairs in this 
sample were not within sibships, affected 
sibpair analysis was not an ^ippropriaie 
choice. The large size of many iof the extend- 
ed families exceeded the capacity of GENE- 
HUNTER, limiting the utility of that analysis 
package. Although analysis with multiple 
other packages could facilitate cross-smdy 
comparisons^ we have adopted: the approach 
suggested by Risch and Botstein (27) and 
have reported the power of our study sam- 
ple to detect linkage under the models test- 
ed as well as the significance level of pos- 
itive results. 

This stuify demonstrates the importance of 
careful family selection. Because of the time 
and eifort required to identify and collect 



Table 1. list of all markers with lod scores >1_5. The single phenotype and inheritance model producing the highest lod score is given for each marker. Z^,, 
maximum tod score: e> recombination fraction; a. proportion of families linked to a given locus: N, narrow; B, broad; recessive: dominant. 
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pedigrees with three or more aftfccted indi- 
viduals in multiple genciations, most studies 
have focused on gathering laij^ge 
small nuclei ' families or .pairs* of affected " 
siblings, increasing the chance of a clinically 
and genetically heterogeneous .saitiple. ,As 
our simulation studies illustrate (30), power J . 
to detect linkage is greatly reduced when a .. 
sigaijRcant proportion of the sample is xair'. 
linked to a particular locus, the porptjlation 
selected for study,., the inclusion criteria, and, . 
fortuitous sample variation tnay have all 
combined to produce a group of families with 
a high proportion linked to the susceptibility 
locus on iq21-q22. We are likely to have 
failed to detect linkage to any contributing 
loci that are pjfesent in less than half of the 
families we Studied {30). 

Multiple susceptibihty loci are almost cer- ^g. 
tainly involved in the etiology of schizophro 
nia, with significant evidence for an addition- 
al locus on 13fq32, even within this set of 
families. The magnitude of the chromosome 
1 linkage finding, eoupled with the clear lo- 
calization to the interval between the markers 
D1S1653 and Dl$1679, should facilitate ef- 
forts to positional clone this susceptibihty 
gene. It is hoped that better understanding of , 
ttie genetic factors involved in this common, 
devastating disorder will lead to earlier and 
more effective interventions. 

20. 
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Resetting Central and 
Peripheral Circadian Oscillators 
in Transgenic Rats 

Shin Yamaxaki,^* Rika Numano,^* Michikazu Abe,^* Akfko Hida,=^ 
ftl-ichi TakahasW,^ Masateugu U^da,^ Gene D, Blocfc 
YoshlyukI Sakakl.^ Michael Mcnaker.^t Hajime Tei^ 

in multrcellutar organisms, drcadian oscillators are organized into rnultiti^||e 
systems which function as brotogkal ciockB that regulate the activities of the 
organism In relation to environmental cycles and provide an internal temporal 
framework. To investigate the organization of a mammaUan circadian system, 
we constructed a transgenic rat line in which luciferase is liiythmicaUy ex- 
pressed under the control of the mouse Perl promoter. Light emission fmm 
cultured suprachiasmatic nuclei (SCN) of these rats was invariably and robust y 
rhythmicand persisted for up to 32 days In vitro. Liver, lung, and skeletal mu^^^^^ 
also expressed Orcadian rhythms, which damped after two to seven t^cles rn 
vitro, m response to advances and delays of the environmental light cycle, the 
circadian rhVthm of light emission from the SCN shifted more ^Pf ^ 
the rhythm of locomotor behavior or the rhythms in P^"P^»)«^^^;^^"^^^^^ 
hypothesize that a self-sustained circadian pacemaker m the SCN entrains 
circadian oscillators in the periphery to maintain adaptive phase control, which 
IS temporarily lost foUowinglarse.abruptshifts in theenvironmentalUght cycle. 



Most (perhaps aH) multicellular organisms 
contain multiple circadian oscillators inter- 
connected to form a hierarchical circadian 
system which regulates many discrete 
rhytiumc outputs. In mammals, the SCN 
contains self^sustained circadian oscillators 
that act as a pacemaker at the top of the 
hierarchy (1, 2). In addition, a surprising 
number of mammalian peripheral tissues 
appear to contain the molecular machinery 
uecess'aiy for cifcadiah oscillation (A 4) 
and, in a few cases, peripheral tissues ex- 
hibit damped circadian oscillations in the 
"absence . of the SCN (5, 6). Our 'working 
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hypothesis is that the mammalian circadian 
system consists of self-sustained circadia^i 
oscillators in the SCN that entrain damped 
oscillators in the periphery. Predictions 
firom this hypothesis include, but are not 
Itmited to! (i) the existence of damped cir- 
cadian oscillators in peripheral tissues, and 
(SI) temporary disorganization within the 
circadian system in response to large, 
abrupt changes in the entraining light cycle. 
Such disruption would be a consequence of 
the specific and different response of each 
of the peripheral oscillators to cotnmon 
central signals. •'• 

To test the first tffcdictiph, we con- 
structed a transgemar^ri'mo^^^^^ the 
mouse Perl gene ' promoter is linked to a 
luciferase reporter (Fig^ lA) (7). We raised 
the resulting Ferl-luc piXS in" light:dark 
(LD) cycles of 12 hours iigh.t and .12 hours 
darkness (LD 12:12), IciUed them 30 to 60 
rain before lightSH?ff (onset of darkness), 
and cultured explants of SCN, 8k«pletal 
muscle, liver, and limg,[uiid^i;'i^ 
tions (i.e.* Without changing the7nedii&> 
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constant darkness and constant temperature 
(36* ± 0.2"C) (S), We measured the light 
output continuously firom individual cul- 
tures with a Hamamatsu photomultiplier 
tube detector assembly (P, /&). 

Light emission from the SCN was in- 
variably and robustly rhythmic (m = 62), 
indicating that the engineered njou^e Perl- 
luc Iransgene was being rhythmically tran- 
scribed tmder the control of ^normal circa- 
dian mechanisms. The SCN rhythm persist- 
ed for up to 32 days in static culture (Fig. 
IB). Preliminary data (II) &om animals 
Idlicd 3 or 9 hours before lights-off indi- 
cates that these times of sacrifice do not 
affect the phase of the SCN rhythm. Liver, 
lung, and skeletal muscle all showed circa- 
dian rhythms of light output that phase- 
lagged the SCN rhythm by 7 to 11 hours. 
ThJs phase difference betweer^ the SCN and 
peripheral tissues is similar to the phase-lag 
observed in vivo (I^)- The rhythms that we 
recorded from peripheral tissues were not 
as robust as those recorded from the SCN. 
and always damped after two to seven cy- 
cles in culture (Figs. IC and 2). Damping 
was not the consequence of tissue death or 
deterioration because we were able to reini- 
tiate rhythmicity in damped cultures by 
simply changing liie medium (Fig. 2). This 
reinitiation could be due to removal of 
toxic substances in the old, medium, re- 
placement of depleted critical components, 
or simply to the shocks associated with the 
medium change (e.g.. temperamre, pH, and 
mechanical agitation). Any or all of these 
stimuli could act to restart oscillators that 
had stopped or to resynchronize multiple 
oscillators within the tissue. 

To test the second prediction made by our 
;. Ihypottiesis, we investigated whether abrupt 
'^shifts of. the ligbt cycle caused disorgani- 
^zaUon of the circadian system^ of the Perl- 
luc rats. Wc advanced or delayed the LD 
U:12 cycle on which the rats had been 
living by 6 hours (i3) and measured the 
• phase and, in some cases, the amplitude of 
; cirdadian rhythms of locomotor behavior 
: i24)j and the phase and amplitude of mPerl 
expression in the SCN, liver, lung, and 
icf skeletal tnuscle in vitro (IS). Locomotor 
SS^^ii^tbinicity was monitoreci before and after 
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